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Flr--1   ri*"port  on Probier;  3. 
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to Perfor-tic.  ",y ?!->- ^lrulotln • Projectl.lea 

1. Aq ,n result c 
-1 prorrpa of invent1 - * 
jf flrJc-realst .->nt curt- 

■p r- "s t   •-•'.'•= r  1   n o n t h s 

■\-iest  from the Office,   Chief <-f Oron.-uice  , 
T.*-Lrious artpriplfl ■pro'-o-'h'     :  components, 
beer,  conoucten   it   this  o.rtiom.l   over  the 

c.       An   o-l.--Im.lly  "T.to"rrl;itjcl,   this proems wnilo.    eve   inclur'^d 
to.- cevelorjnent  of  a pr-Jootlie vhich would  sirnulnte  I-TT?'  ciMy and 
".eaTur-ioly the  irrpict  of   *r- r.-nts  ' f hi h-explosivo  r._ to-/ ircraft  ",hell. 

>»d,   n projectile   ni.il- r  ir   heoifrn  to   the  col.   .-:     '.'r-, ' :e;.t-3inulatln» 
irr-J-»ctile,   j-?^,   has  h-en   tested,     however  the 1.• ck of  oorrel-ition 
0"tween  the   -oaults  of  ■-■"tv.il  ~"r--~entotion  te.itn  of  ''Or... .   M  h-explosive 
projectiles  and  the  result. - .of   tests with  the col.   .2?.     r   tactile  or any 
other   iin'le ^r . j --.til.-     ■"-  1-'   t •     n  abandonment   of   th     contention that 
•any "ne projectile my   ?e  hev-3l -red    hich may repro.iucllly r.nd measurably 
simulote  the  e'"f»ol   of   j.rvio-e  i:*p.".ct  *t hi.:h-explo"t.7e  -hell  fr«^r.ents 
a Tainst   all aat'T' alt. 

Ney-rthel »i ".'• .'-I   ro.it «ri.ii] a   v.r>Vi' en  t • .;'.••••' t   1 s 
vi ho  vario"''  rrojeot lie::   uod   th«  results   of  these  teBts  -.ay be  of 
'iff:   ir.  the fr .at-tl.n  of ,-.:■.       i. .ion o..<  to  the  relative  reoiotance char 
oct-ristici  of  these x* t-?rlale   to   the :•**    ;k of  fro. :o-= ^ t ^   of     i -h- 
ecploslve antl-alroraft   shell.     It   i?   t       ^urr'1 oe of   this   rerort   to 
nreono.t   t'.es3   results. 
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U.  Hadfield manganese steel of the Standard composition and a 
Hadfield manganese steel containing 3$ nickel were tested as ware several 
ferritlc steel« and aluminum alloys. The results of these tests as well 
as other data pertaining to the tested materials are included in Table I. 

*j.      In earlier tests in which similar nrojectiles were fired against 
materials of a lighter gauge (.0^0" to .050") Hadfield manganese steel has 
consistently exhibited resistance characteristics superior to those of 
other materials.  In the present test* thie superiority io maintained in 
the lighter gauges (around .ObO") tout is relinquished when the gauges 
"become greater. The relative resistance of these materials to atteck with 
fragments of larger high-omlosive shell may, however, not follow this 
trer.d. The inversion of relative superiority of the austenitic and 
ferritlc steels as the rau.'-T increases is believed attributable to the 
fact that the e/d relationship is changing rapidly since the nrojectlle 
diameter is constant.  It is believed that were the e/d ratio to remain 
constant, the relative resistance of the materials involved would not vary. 

6.  The lack of correlation between the results of tests of materials 
under actual fragmentation of 20mm. high-explosive shell and the results 
of tests with fragment-simulators has been referred to above. Technical 
difficulties militate against a practical evaluative test of materials 
under actual fragmentation of high-explosive shell of larger caliber. 
There can, therefore, not be determined accurately whether any correlation 
exists between the results of the subject tests and service condition«. 

7.  It is therefore suggested that the results of actual fragmen- 
tation tests with 20mra, hi^h-explosive shell be used rs a basis for the 
evaluation of materials ^rooosed as components of flak-resistant curtains 
as well as for the »valuation of materials proposed as components of body 
armor assemblies. It Is contended that the fragmentation pattern of larger 
caliber shell may not vary greatly from that of the evaluable 20am. shell 
and that the relative resistance of materials at any ~iven ratio of e/d 
should not vary greatly provided the manner of presentation of the 
projectile remain« fairly constant. 

1 J.WwiL^v 

J. F.  SÜLLITAH 
Asst. 2h :inoer 

APPROVED: 

ei/vU 
I. L. BUD 
Research Metallurgist 
Acting Chief, Armor Section 
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FO0TS0TI3 TO TA3LS I 

Q| 1. Cal.  .U5 steel- Jacketed ball r>roJectils. L. 
ft] 2. Cal.  .22 fratfnent-ainulatln?: nrojectlle, G-?. j^ 

3. Cftl.  .30 Bal3 M2 projec' ila. £$£ 
;•:-; k. Cal.  .30 Carbine ball M projectile. ■ [vft 

jffi a. Hardness reported by coamany after quenching in oil at 1"505". after                     Lil2i 
■ reheat at l"fiOO°P. '^ 
p b. Hardness reoorted by conpany after '»mperinf 1 hour at (iÖÖ0?. following             ».yo 

quench recited in note a. ;■-"'%; 
,->! c. Sane after tennerinr 1 hour at g00c7. ^-! 
A d. Sane after temperinr 1 hour at 700°?. ^;'"-! 
Me. Heat treated at tf.A. a^ follow«:    l600°F. - 10 mln. - oil;  3OO0*. - 1 hr.-air. £kj 

f. Saae as e. H ^ 
<} ft. >«ne an e. iSfi 
*>.; ■        h. Ag rolled. Vy\ 
y-S i. Same as c. [>>V 
•$ J. baffle as a. K>£ 
*Jj k. 'Jnae -'s b. p""** 
Jr? 1. San« as d. ^_ 
>*■ m. Ag  rolled. \'. 
VC*j n. S'ae as e. 
r^'i 0. 3rjae as e. ','. 
A* p. As  rolled. '.• 
*■ •                    0.» 5pJ3* a*   •• t 
P|| r. An  rolled. ^ 
v*. s. »aae as b. v 
!■ * t. ^rdne?i reported by coapany after austemp*rln£ in "'It bath at U50°P.                 f\ 
■'■"• u, S-.ae ps c. !"-■ 
!•/! ▼• "'.irdr.pss ronorted ijy comar.y after «menching in oil fron 1^00°?. followed          '-'J 
j- by ternertn« at 3OO0?.  'or ? hours. 
9 *• Hfrt'ness reoorted by company after austeaperln*; in salt hath r<t 500°F. 

a~dness reoortec' by ~.-yz*>rnr -fter aus tourer irv: in s.-Jt b*th at uOO 5". K,v' 
y.    'Hrdnes*  reoorte'  hy caar-any after pustenperin/: in salt V-th at Tw*. 
s.    "-.rdneas reported by eowvany «fter mutesmerln/: in a -itated salt bath * 

at 500°?. s 

v-v* 

♦., 

an.     ^ardnesrj reporta* by co.7n.n7 after rueneMng in oil fron IC&IPY, 
followed by tenp^rin,; for 1 h^ur at 800°*. 

bb.    Hardness reports  by cnjmany pfter puenchin* In   jil fron lbOO F. 
follow»d by U hour nub-»aro transfornatien,  th»n ta*r>erod for 1 hr.  et 800°?. 

cc.    ^-n« as bb expert t*er*»rir»r team *r/» tu re T00°F# 
id.    ''dr'ness renorted 1     conn-my nt  -»il-pmmehed fron li'OO3?. 
ee.    n*rdn»s« reoorted "oy corr>-»ny after nienchinr in oil fron lfOO°F. 

followed by tear^rin ■ for 1 hour .«t 700°F. 
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ff. 'iprdnes« rsDirtftd  '-;• err -nr rft.er -nienchlm: in oil fro" l^OO0?. 
followad by li hour STIU-'TO transformation. 

Kg. San« as ff, followed T>y f  hour tenner at 300 °F. 
hh. Ar, rolled. 
li. Sgjne ps a. 
jj. Spjne -•>!» e. 
Wc. A<? rollftd. 

-^k. 

psr^n 
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